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METHODS AND PERSONAL PROTECTION 
DEVICES FOR REPELLING INSECTS 

This application is a divisional of US. patent application 
Ser. No. 09/795,420, ?led Feb. 28, 2001, now US. Pat. No. 
7,007,861, Which claims the bene?t of US. Provisional 
Application No. 60/210,247, ?led Jun. 8, 2000. This appli 
cation claims the bene?t to all such previous applications, 
and such applications are incorporated herein by reference in 
their entireties. 

FIELD OF THE INVENTION 

This invention relates to methods for repelling insects and 
devices therefor. More speci?cally, this invention relates to 
Wearable personal protection devices and stationary devices 
that effectively prevent mosquitoes from reaching a subject 
or group of subjects using such a device. 

BACKGROUND OF THE INVENTION 

Harmful insects can carry agents that cause disease. For 
example, mosquitoes can carry viruses that cause encepha 
litis. Ticks can carry bacteria that cause Lyme disease. 
Furthermore, insect bites, such as mosquito or ?ea bites, can 
be an annoyance. Therefore, it is an object of this invention 
to provide a device that prevents insects from landing on a 
user of the device, thereby defending the user from su?‘ering 
insect bites and insect landings. It is a further object of this 
invention to provide personal protection devices that repel 
insects, particularly mosquitoes. 

Topical Repellents 

One method by Which consumers protect themselves from 
insect bites and insect landings is the use of topical repel 
lents. Essentially all topical repellents contain N,N-diethyl 
m-toluamide (“DEET”) as the active ingredient. Such prod 
ucts include OFF® available from SC. Johnson & Son, Inc., 
of Racine, Wis., CUTTER® available from United Indus 
tries Corp. of St. Louis, Mo., and BEN’S® MAX available 
from Tender Co. of Littleton, N.H. Many brands contain 14 
to 95% DEET, although the products speci?cally advertised 
for children contain 10% DEET or less. These products are 
recommended for use on the skin and clothing. 

Topical repellents contain relatively high amounts of 
insect repellent that can be absorbed into the bloodstream 
through the skin. Therefore, it is an object of this invention 
to provide a method for repelling insects using a loWer level 
of insect repellent than that in the topical compositions. 
Topical repellents also suffer from the draWback that they 
only protect the skin to Which they are applied. Therefore, if 
a user does not cover all skin and clothing With a su?icient 
amount of the topical repellent, the user may suffer insect 
bites and insect landings in the areas missed When the 
repellent Was applied. It is a further object of this invention 
to provide a more convenient method for repelling insects 
than the use of topical repellents, 

Spatial Protection Devices 

Another method by Which consumers protect themselves 
from insect bites and insect landings is by using devices for 
spatial protection, such as room protection devices and 
outdoor protection devices. The room protection devices are 
typically plug-in devices that employ electrical resistance 
heating to vaporiZe an insect repellent, such as allethrin, 
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2 
from a Wick or a mat. Some devices additionally have a fan 
for dispersing the repellent. In the devices requiring heat to 
vaporiZe the repellent, the temperature typically required 
ranges from at least 500 C. to 1000 C. or more. 

For outside areas, burning repellent-containing candles 
and coils is popular. For example, citronella candles have 
been Widely used. Mosquito coils such as OFF!® or Cole 
man® suffer from the draWbacks of causing smoke, di?i 
culty in igniting, and di?iculty in extinguishing. Further 
more, candles and coils are not easily portable once 
activated. A portable product is available from SchaWbel 
Corporation of Boston, Mass. This portable product uses 
butane combustion as the heat source to vaporiZe allethrin. 

In most of these spatial devices, protection does not start 
quickly after the device is activated. It can take 6 minutes, 
or more, for protection to begin. Therefore, it is a further 
object of this invention to provide a personal protection 
device that provides protection Within 1 to 3 minutes after 
activation. 

Although some of the spatial protection devices are 
portable, none of them are Wearable. To vaporiZe the repel 
lent, many such devices employ open ?ames, Which render 
them unsuitable for Wearing. Others require electricity to 
generate heat or poWer a fan motor, i.e., they are plug-in type 
devices that are not suitable to move far from an electrical 
outlet. Therefore, it is an object of this invention to provide 
a Wearable personal protection device. Furthermore, existing 
spatial devices only protect users directly doWnWind of the 
device. Therefore, it is a further object of the invention to 
provide a Wearable or portable personal protection device 
that effectively protects the subject Wherever he or she goes. 

Wearable Personal Protection Devices 

Another method by Which consumers attempt to protect 
themselves from insect bites and insect landings is by 
Wearing personal protection devices. For example, many 
products that can be Worn on a person rely on passive 
evaporation of the insect repellent out of a carrier impreg 
nated thereWith. Repellents in such devices include geraniol, 
citronella, and limonene. The devices can be in the form of, 
for example, a Wrist band, a strip impregnated With an insect 
repellent that can be placed in cavities in clothing, a patch, 
or an adhesive tab. More effective repellents, including 
pyrethroids such as allethrin, are not su?iciently volatile for 
passive evaporation. 
An alternative product is a clip-on device that emits the 

sound of dragon?y Wings and bat vocaliZations, operating 
under the theory that such predator sounds Would be 
expected to repel mosquitoes. 

HoWever, these personal protection devices provide poor 
to nonexistent prevention of mosquito bites. Therefore, it is 
an object of this invention to provide a Wearable personal 
protection device that effectively repels mosquitoes, i.e., 
prevents them from landing or minimiZes the number of 
landings, on any part of a subject Wearing the device. 

SUMMARY OF THE INVENTION 

This invention relates to methods and personal protection 
devices for repelling insects. The devices each comprise a 
composition comprising an insect repellent, preferably a 
pyrethroid such as allethrin. The devices actively disperse 
the insect repellent in an area (e.g., a scent-stream) around 
the subject, thereby preventing insect from reaching the 
subject. Without Wishing to be bound by theory, it is thought 
that insects travel upWind to reach subjects by folloWing 
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scent cues in a ‘scent-stream’ from the subject. Therefore, it 
is believed that releasing a composition comprising an insect 
repellent into the scent-stream insects folloW prevents 
insects from reaching the subject. 

The methods and devices of this invention are advanta 
geous over topical compositions for several reasons. First, 
they are more convenient in that they do not require the time 
consuming task of applying lotion or a spray to clothing and 
exposed skin. Furthermore, some consumers do not like the 
feel and smell of topical insect repellents, and the devices of 
this invention eliminate these problems. In addition, the 
methods and devices of this invention employ loWer 
amounts of repellents than topical compositions. When 
allethrin is used as the repellent in the methods and devices 
of this invention, parts per billion levels dispersed in the 
atmosphere around a consumer e?‘ectively repel mosquitoes. 

The personal protection devices of this invention are 
advantageous over knoWn spatial protection devices because 
they are faster acting. For example, the personal protection 
devices provide protection in about 1 to about 3 minutes, or 
less, While knoWn spatial devices can take about 6 minutes 
or more to begin providing protection. 

Wearable devices are a preferred embodiment of this 
invention. Wearable devices are advantageous in that they 
offer similar advantages to those of topical compositions 
Without the draWbacks. When a device is Wearable, it 
provides protection Wherever the subject goes, as Would a 
topical composition When applied correctly. HoWever, a 
Wearable device eliminates potential problems associated 
With topical compositions, e.g., if the subject fails to cover 
all exposed areas of skin and clothing With a topical com 
position, insects may still reach the subject. The Wearable 
device also provides the advantage that a much loWer level 
of repellent is needed than that in topical compositions. 

Furthermore, the Wearable devices of this invention are 
superior to knoWn outdoor (spatial) devices because a sub 
ject must be doWnWind of an outdoor device to be protected. 
Without Wishing to be bound by theory, it is believed that 
this is because insects travel upWind to locate a subject based 
on, for example, scent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fan With a cartridge for use in a personal 
protection device for repelling insects. 

FIG. 2 is a Wearable personal protection device for 
repelling insects. 

FIG. 3A is a housing for a Wearable personal protection 
device having attachment means in the closed position 
according to a preferred embodiment of the invention. 

FIG. 3B is a housing for a Wearable personal protection 
device having attachment means in the open position 
according to a preferred embodiment of the invention. 

FIG. 4 is a Wearable personal protection device for 
repelling insects. 

FIG. 5 is an exploded vieW of a portable protection device 
according to this invention. 

FIG. 6A is an exploded vieW of an assembly comprising 
a fan and cartridge for use in a device according this 
invention. 

FIG. 6B is the fan and cartridge assembly. 
FIG. 7 is an exploded vieW of a personal protection device 

for repelling insects that employs an atomiZer for dispersing 
the insect repellent. 

FIG. 8 is a personal protection device for repelling insects 
that employs chemical heat and a separate poWer source for 
the dispersion means for dispersing the insect repellent. 
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4 
FIG. 9 is a personal protection device for repelling insects 

that employs point heating means for dispersing the insect 
repellent. 

FIG. 10 is a personal protection device for repelling 
insects. 

DETAILED DESCRIPTION OF THE 
INVENTION 

All United States Patents cited herein are hereby incor 
porated by reference. All amounts are by Weight, unless 
otherWise indicated. 

De?nitions 

The folloWing is a list of de?nitions for terms, as used 
herein for purposes of this application: 

“Actively dispersing” means energy is being applied to an 
insect repellent to distribute it in a vapor ‘cloud’ in the 
atmosphere immediately surrounding a subject. Energy is 
generated in the devices of this invention. The energy can be 
in the form of heat, an air current, or both. Alternatively, the 
energy can be in the form of an electrical charge. 

“Allethrin” means an insect repellent having the chemical 
name 2-methyl-4 -oxo-3-(2 -propenyl)-2-cyclopenten- l -yl 
2,2-dimethyl-3-(2 -methyl- 1 -propenyl)cyclopropanecar 
boxylate and its isomers. Allethrin includes d-allethrin, 
bioallethrin, s-bioallethrin, d-trans allethrin, and esdepal 
lethrin. 

“Effective amount” means a quantity of an insect repellent 
or composition containing an insect repellent high enough to 
prevent insects from landing on a subject, but loW enough to 
avoid serious side effects (at a reasonable bene?t/risk ratio). 
Surprisingly loW levels of insect repellent a?‘ord protection. 

“Empenthrin” means an insect repellent having the 
chemical name cyclopropanecarboxylic acid, 2,2-dimethyl 
3 -(2-methyl -l -propenyl) -l -ethynyl -2 -methyl-2-pentenyl 
ester and its isomers. 

“Insect” means animals classi?ed in Phylum Arthropoda 
and either Class Insecta or Class Arachnida. Insect includes 
?ying insects such as mosquitoes, house ?ies, biting midges, 
gnats, black ?ies, sand ?ies, horse ?ies, and tsetse ?ies. 
Insect also includes craWling arachnids such as ?eas, ticks, 
mites, chiggers, and spiders. 

“Insect repellent” means any chemical that prevents or 
discourages insects from landing in the vicinity of the 
chemical or detrimentally a?‘ects them if they enter the 
vicinity. 

“Movably dispersing” means that a composition compris 
ing an insect repellent is distributed in a vapor into the air 
surrounding the subject such that a gradient of composition 
is maintained or is rapidly reestablished in the air even as the 
subject moves from one location to another. 

“Passive evaporation” means the prior art process by 
Which an insect repellent is released into the atmosphere 
from a carrier Without applying energy (i.e., no heat or Wind 
is applied). 

“Personal protection device” means a device that repels 
insects from the immediate vicinity around one subject or 
around more than one subjects Who are in close proximity to 
each other. Personal protection devices may be Wearable or 
portable, or both. 

“Prallethrin” means an insect repellent having the chemi 
cal name (S)-2-methyl-4-oxo-3-prop-2-ynylcyclopent-2 
enyl-(l R)-cis-trans -2,2-dimethyl-3 -(2 -methylprop- l -enyl) 
cyclopropanecarboxylate and its isomers. 
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“Relative repellency factor” means the number of insects 
that land on a subject per unit of time When the subject is not 
using any insect repellent divided by the number of insects 
that land on a subject per unit of time When the subject is 
using an insect repellent device. 

“Subject” means a living vertebrate animal such as a 
mammal (preferably human) in need of protection from 
insects. 

“Suf?cient repellency factor” means that the number of 
insects landing on a subject per unit of time decreases When 
the subject is using a device according to this Invention (i.e., 
relative repellency factor increases). Suf?cient relative 
repellency factor is greater than about 1, preferably about 2 
or greater, more preferably about 4 or greater, most prefer 
ably about 15 or greater. 

“Trans?uthrin” means an insect repellent having the 
chemical name cyclopropanecarboxylic acid, 3-(2,2-dichlo 
roethenyl)-2,2-dimethyl-(2,3,5,6-tetra?uorophenyl)methyl 
ester, (1R,3S)iand its isomers. 

This invention relates to methods and devices for repel 
ling insects. This invention can be used on various subjects 
including humans, pets such as cats and dogs, livestock such 
as cattle, pigs, horses, and sheep, and Wild animals. 

Insect Repellent Compositions 

Various compositions for repelling insects can be used in 
this invention. The composition comprises (i) an insect 
repellent. Component (i) can be one insect repellent or a 
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combination of tWo or more insect repellents. The compo 
sition optionally further comprise (ii) one or more optional 
ingredients. Optional ingredients include bloWing agents, 
solvents, stabiliZers, synergists, dyes, and perfumes. 

Various insect repellents can be used for component (i). 
The exact choice of repellent depends on various factors, 
including the methods and devices in Which it Will be used, 
the attributes of the subject (e.g., age), and the type of insects 
to be repelled. HoWever, suitable insect repellents are knoWn 
in the art and are commercially available. Suitable repellents 
are exempli?ed by DEET, pyrethrins, chrysanthemic acid 
derivatives, and pyrethroids such as those in US. Pat. No. 
4,515,768, Which is hereby incorporated by reference for the 
purpose of disclosing suitable insect repellents. Examples of 
some suitable pyrethroids are shoWn in Table 1, beloW. 
Preferred pyrethroids for repelling mosquitoes include 
allethrin. Examples of pyrethroids are disclosed by Hennart 
et al., in US. Pat. No. 4,037,352 issued Jul. 26, 1977 and 
US. Pat. No. 4,515,768 issued May 7, 1985, Which are 
hereby incorporated by reference for the purpose of disclos 
ing pyrethroids. Allethrin is available from Sumitomo 
Chemical Company, Ltd. of Osaka, Japan under the trade 
mark PYNAMIN FORTE®. Preferred pyrethroids do not 
have signi?cant side effects such as toxicity or carcinoge 
nicity to the subjects When used in an effective amount. 
Preferred pyrethroids do not contain cyano groups. Preferred 
pyrethroids include allethrin, empenthrin, and prallethrin. 
More preferred pyrethroids include allethrin and prallethrin. 

TABLE 1 

Examples of Pyrethroid Insect Repellents 

Trademarks & 
Common Name Chemical Name Alternate Names Suppliers 

ALLETHRIN 2-Methyl-4-oxo-3-(2- (RS)-3-Allyl-2-methyl-4- PYNAMIN ® 
propenyl)—2—cyclopenten—1—yl oxocyclopent-Z-enyl (lRS)-cis— Sumitomo 
2,2-dimethyl-3-(2-methyl-1- trans-chrysanthemate Chemical Co., 
propenyl)cyclopropanecarboxylate Ltd. of Osaka 

Japan 
d-ALLETHRIN 2-Methyl-4-oxo-3-(2- (RS)-3-Allyl-2-methyl-4- PYNAMIN 

propenyl)—2—cyclopenten—1—yl oxocyclopent-Z-enyl (lR)—cis-trans— FORTE ® 
2 ,2-dimethyl-3 —(2—methyl— 1- chrys anthemate Sumitomo 
propenyl)cyclopropanecarboxylate Chemical Co., 

Ltd. of Osaka 
Japan 

BIOALLETHRIN 2-Methyl-4-oxo-3-(2- (RS)-3-Allyl-2-methyl-4- ROUSSEL 

S-BIOALLETHRIN 

EMPENTHRIN 

PRALLETHRIN 

TRANSFLUTHRIN 

propenyl)—2—cyclopenten—1 —yl 
2,2-dimethyl-3-(2-methyl-1 
propenyl)cyclopropanecarboxylate 
2-Methyl-4-oxo-3-(2 
propenyl)—2—cyclopenten—1 —yl 
2,2-dimethyl-3-(2-methyl-1 
propenyl)cyclopropanecarboxylate 
Cyclopropanecarboxylic acid, 
2,2-dimethyl-3-(2-methyl-1 

trans-2,2-dimethyl-3-(2 
methylprop- 1 
enyl)cyclopropanecarb oxylate 
Cyclopropanecarboxylic acid, 
3—(2,2—dichloroethenyl)—2,2 
dimethyl- (2,3,5 ,6 

oxocyclopent-Z-enyl (1R)—trans— 
chrys anthemate 

(S)—3—Allyl—2—methyl—4— 
oxocyclopent-Z-enyl (1R)—trans— 
chrysanthemate 

UCLAF of Paris, 
France 

ESBIOL ® 
ROUSSEL 
UCLAF of Paris, 
France 

d-Empenthrin; Empenthrin; MA Sumitomo 
108; S 2852; S 2852 Forte; S Chemical Co., 

propenyl)—, 1-ethynyl-2-methyl- 2852F; Vaporthrin Ltd. of Osaka, 
Japan 

(S)—2—methyl—4—oxo—3—(—2— ETOC ® 
ynylcyclopent-Z-enyl (1R)—cis— propynyl)cyclopenty-Z-enyl Sumitomo 

(lR)cis,trans-chrysanthemate Chemical Co., 
Ltd. of Osaka, 
Japan 

Cyclopropanecarboxylic acid, 3- BAYOTHRIN ® 
(2,2—dichloroethenyl)2,2-dimethyl-, Bayer 
(2,3 ,5,6—tetra?uorophenyl)methyl Corporation of 

tetra?uorophenyl)methyl ester, ester, (lR—trans)-; Germany 
2,3,5,6—Tetra?uorobenzyl (+)—(1R— 
trans)—2,2—dimethyl—3—(2,2— 
dichlorovinyl) 
cyclopropanecarboxylate; 
and Ben?uthrin 
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Blowing agents include azodicarbonamide, dinitrosopen 
tamethylenetetramine, azobisisobutyronitrile, and combina 
tions thereof. Suitable blowing agents are disclosed in US. 
Pat. No. 4,228,124, Which is hereby incorporated by refer 
ence for the purpose of disclosing bloWing agents. 

Solvents include alcohols such as cetyl alcohol, stearyl 
alcohol, and mixtures thereof. 

Stabilizers (e.g., for providing stability to heat, light, and 
oxidation) include antioxidants such as 2,6-di-tert-butyl-4 
methylphenol (“BHT”), 3-tert-butyl-4-hydroxyanisole 
(“BHA”), 2,2'-methylene-bis(4-ethyl-6-tert-butylphenol), 
2,2'-methylene-bis-(4-methyl-6-tert-butylphenol), 4,4'-bu 
tylidene-bis(5-methyl-6-tert-butylphenol), 4,4'-methylene 
bis(2-methyl-6-tert-butylphenol), 4,4'-thio-bis(3-methyl-6 
tert-butylphenol), 4,4'-methylene-bis(2,6-di-tert 
butylphenol), stearyl-[3-(3,5-di-tert-butyl-4 
hydroxyphenol)-propionate, 1,3,5-trimethyl-2,4-6-tris(3,5 
di-tert-butyl-4 -hydroxybenzylbenzene), 1 ,1 ,3 -tris(2 -methyl 
4 -hydroxy-5 -tert-butyl)-butane, tetrakis [methylene(3, 5 -di 
tert-butyl-4-hydroxycinnimate)]methane, dilauryl 
thiodipropionate, distearyl thiodipropionate, UV absorbers 
derived from benzophenone, triazole, and salicylate com 
pounds, and combinations thereof. Suitable stabilizers are 
disclosed in US. Pat. No. 4,874,787 at col. 4, lines 12432. 
Other suitable stabilizers are disclosed in US. Pat. No. 

4,515,768. 
Synergists include 0t-[2-(2-butoxyethoxy)ethoxy]-4,5 

methylenedioxy-2-propyltoluene, octachlorodipropyl ether, 
and N-(2-ethylhexyl)-bicyclo-[2,3,2]-hept-5-en -2,3-dicar 
boxyimide. Suitable synergists are disclosed in US. Pat. No. 
4,874,787 at col. 3, lines 6412, and US. Pat. No. 4,515,768. 

Dyes in the composition can be used to shoW When the 
insect repellent is spent. For example, suitable dyes include 
3-ethostearate of 9-ortho-carboxyphenyl-6-diethylamin-3 
ethylamino-3-isoxanthene and electron-donating dyes. Dyes 
are disclosed in Japanese Patent Publication No’s. 
09-175906A and JP 07-324003A, International Patent Pub 
lication WO 96/33605A1, and US. Pat. No. 5,891,811. 

Perfumes can also be used in the composition. Perfumes 
can be used, e.g., to shoW When the insect repellent is spent 
or for aesthetic purposes. Perfumes must have similar vola 
tility to the insect repellent and must not be attractive to 
insects. Examples of suitable perfumes include citronella, 
Which can be used herein as a perfume, not an insect 
repellent. 

The composition may be a solid or a liquid under ambient 
conditions. 

Methods of the Invention 

This invention relates to methods for repelling insects. 
The method comprises actively dispersing a composition 
described above, in an area immediately around a subject in 
an effective amount suf?cient to prevent insects from reach 
ing (e.g., landing on) the subject. Actively dispersing means 
that energy is being applied to the composition to disperse 
it into the air around a subject. Active dispersion should be 
distinguished from passive evaporation, Wherein a volatile 
repellent is dispersed into the air around subject, Without 
external energy being applied. 

Point Heating 

In one embodiment of the invention, the composition is 
dispersed by point heating. Point heating is a process 
Whereby a small amount of energy is used to rapidly heat a 
resistor such as a small ?lament or Wire. A small amount of 
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8 
a composition (e.g., about 1 microgram to about 0.5 gram) 
is heated to near the normal atmospheric boiling point of the 
composition, e.g., over 2000 C. for some compositions. 
Point heating offers the advantage of rapid and energy 
ef?cient dispersion and/ or vaporization, in a convenient and 
portable fashion. 

Point heating can be carried out by applying a current to 
a resistor in contact With a small amount (e. g., droplet) of the 
composition described above. Point heating may be pulsed 
or continuous. For example, a quantity of the composition 
could be very rapidly vaporized, folloWed by another quan 
tity or alternatively the temperature can be controlled such 
the composition is sloWly vaporized over an extended period 
of time. In pulsed point heating, the composition might be 
heated to about its normal boiling point (or slightly above). 
In continuous point heating, the composition may be heated 
to about 10 to about 40° C. beloW its normal boiling point. 

Heating and BloWing 

In one embodiment of this invention, the composition is 
dispersed by heating the composition to volatilize it and 
bloWing the volatilized composition in an area around the 
subject. The composition is heated to a temperature suffi 
cient to volatilize an effective amount of the composition 
When dispersed in the area around the subject. The volatil 
ized composition can be bloWn by any convenient bloWing 
means, such as a fan or turbine. When the composition is 
dispersed by heating and bloWing, heating may be by point 
heating, as described above, or by bulk heating. 

Bulk Heating 

Bulk heating is carried out by heating a relatively large 
amount (e.g., about 1 to about 100 g) of the composition 
described above to a relatively loW temperature. In bulk 
heating, the composition is heated to a temperature less than 
or equal to about 65° C. More preferably, the composition is 
heated to a temperature of about 30° C. to about 65° C., still 
more preferably about 35° C. to about 45° C., most prefer 
ably about 35° C. to about 40° C. 

Other Dispersion Methods 

In an alternative embodiment of the invention, the com 
position is atomized to disperse it in the area around the 
subject. 

In an alternative embodiment of the invention, the com 
position is electrosprayed to disperse it in the area around the 
subject. 

Movable Dispersion 

In a preferred embodiment of this invention, the compo 
sition is movably dispersed in a manner such that protection 
continues Wherever the subject moves. The composition can 
be movably dispersed When the subject Wears a device that 
disperses the composition. In this embodiment, the compo 
sition can be heated, preferably to a temperature of less than 
or equal to about 65° C., more preferably less than or equal 
to about 45° C., still more preferably less than or equal to 
about 40° C., further more preferably less than or equal to 
about 35° C., and most preferably less than or equal to about 
30° C. 
The amount of composition needed depends on various 

factors including the speci?c insect repellent selected and 
the type of insects to be repelled. It has been found that parts 
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per billion levels, or less, of allethrin in air dispersed around 
a subject effectively prevent mosquitoes from landing on the 
subject. 
When the repellent is a pyrethroid, such as allethrin, it is 

dispersed in air in an amount of less than about 1 (i.e., a 
fraction greater than 0 but less than about 1), typically about 
1, up to about 20 parts per billion, preferably less than 1, 
typically about 1, up to about 10 parts per billion, more 
preferably less than 1, typically about 1, up to about 3 parts 
per billion, and most preferably less than 1 to about 1 part 
per billion. HoWever, some pyrethroids such as empenthrin 
and trans?uthrin, Which are more volatile than allethrin, may 
be dispersed in amounts higher than 20 parts per billion, e. g., 
up to 50 parts per billion. 

Device of the Invention 

The methods described above can be carried out using 
personal protection devices to repel insects. Therefore, this 
invention further relates to personal protection devices com 
prising: 
(1) a cartridge comprising 

(a) a composition comprising an insect repellent, and 

(2) dispersion means for dispersing the insect repellent, 
Wherein the cartridge is mounted to the device With 

respect to said dispersion means such that said dispersion 
means cause the insect repellent to be removed from the 
cartridge and to be dispersed in an area around a subject. 

The devices of this invention can begin providing pro 
tection from insect bites and insect landings Within about 3 
minutes after activating the device. Preferably, the devices 
begin providing protection Within about 1.5 minutes, more 
preferably Within about 1 minute, after activating the device. 
The devices of this invention can provide a relative repel 
lency factor of greater than about 1, preferably about 2 or 
greater, more preferably about 4 or greater, most preferably 
about 15 or greater. 

In a preferred embodiment of this invention, the device 
further comprises (3) attachment means for attaching the 
device to a subject, Wherein said attachment means are 
mounted to the device such that said attachment means do 
not interfere With said dispersion means. Said attachment 
means render the device Wearable. 

Cartridge 

Acartridge suitable for use in the devices of this invention 
contains (a) the composition described above. In a preferred 
embodiment of this invention, the cartridge is removable, 
replaceable, and disposable, i.e., the cartridge is removable 
from the device and can be discarded When the insect 
repellent is spent, and a neW cartridge can be installed in its 
place. In an alternative embodiment of the invention, the 
cartridge is not replaceable (i.e., it is not removable from the 
device Without damaging the device). In an alternative 
embodiment of the invention, the entire device is disposable, 
for example, When the cartridge is not replaceable. 

The cartridge may have a variety of forms. As long as the 
cartridge can be mounted to the device such that the com 
position is dispersed therefrom, the forrn of the cartridge is 
not critical. The cartridge can have, for example, a ?at shape 
such as a pad or disc or a three-dimensional shape such as 
holloW shape e.g., a tube or honeycomb. In one embodiment 
of the invention, the cartridge can have the form of a holloW 
tube such as a capillary tube. Capillary tube cartridges are 
particularly Well suited for use in devices employing point 
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heating, electrospray, and atomiZation to disperse the com 
position. Capillary tubes typically have an outside diameter 
of about 1 millimeter and an inside diameter of about 0.1 to 
about 0.5 millimeters. 

In an alternative embodiment of the invention, the car 
tridge optionally further comprises (b) a carrier. The carrier 
contains (a) the composition in the cartridge. Carriers are 
particularly Well suited for use in devices employing bulk 
heating. 
The carrier can be any material that does not detrimentally 

affect the performance of the insect repellent. For example, 
the carrier may comprise one or more components selected 
from the group consisting of adsorbents such as alumina, 
Zeolites, and carbon cloth, absorbents such as paper (e.g., 
paper-board, corrugated paper, and coiled corrugated paper), 
cellulosic material (e.g., open pore cellulosic materials), 
Woven cloth and nonWoven cloth of any suitable ?bers (e. g., 
felt, glass), gels (e.g., silica gel), starches, ceramics, absor 
bent solid porous foams such as polyurethane foam, and 
?nely divided, channeled, or honeycombed structures 
molded of nonporous materials such as plastics, Waxes, and 
resins. 
The cartridge can be formed from the composition and the 

carrier by any conventional means. For example, the com 
position can be impregnated in the carrier by a process 
comprising dissolving the repellent and any optional ingre 
dients in an appropriate solvent, Wetting the carrier With the 
resulting solution, and optionally evaporating the solvent 
under ambient conditions or With heat, With reduced pres 
sure, or both. Alternatively, the composition, or a solvent 
solution thereof, may be coated or printed on the carrier, 
preferably When air is to pass over, not through, the car 
tridge. Suitable solvents are exempli?ed by alcohols such as 
methanol, ethanol stearyl alcohol, cetyl alcohol, and mix 
tures thereof, hydrocarbons such as pentane, and petroleum 
distillates, acetone, and ethers. 
The amount of composition in the cartridge depends on 

various factors including the siZe of the cartridge, the rate of 
air movement past or through cartridge or device, the 
longevity of effectiveness desired, and the amount of com 
position required to effectively repel insects. In one embodi 
ment of the invention, e.g., When bulk heating is employed, 
the composition is preferably present in an amount of less 
than about 1 (i.e., a fraction greater than 0 but less than about 
1), typically about 1, up to about 100 g. In an alternative 
embodiment of the embodiment of the invention, the car 
tridge has the form of a holloW tube and the amount of the 
composition in the cartridge is about 1 microgram to about 
10 milligrams. 

Dispersion Means 

The dispersion means actively disperses the insect repel 
lent from the cartridge to an area around a subject using the 
device. In one embodiment of the invention, the dispersion 
means comprise heating means and bloWing means. The 
heating means volatiliZe the composition and the bloWing 
means aid in dispersing the volatiliZed composition in the 
area around the subject. In this embodiment, the heating 
means can be point heating means or bulk heating means. In 
an alternative embodiment of the invention, the dispersion 
means comprise point heating means. 

Point Heating Means 

Point heating means operate at high temperatures, up to 
the normal boiling point of the compositions used in this 
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invention, typically about 70 to about 2250 C. Point heating 
means offer the advantage that only a small area (and a small 
amount of composition) is heated to a high temperature, 
thereby relatively loW energy input is required to volatiliZe 
the composition. Point heating means comprise a micro 
heating source, including resistors, such as a small heating 
element or ?lament similar to those found in the smallest 
incandescent light bulbs (e.g., ?ashlight bulbs). The ?lament 
can be NICHROME® Wire available from Pelican Wire Co., 
Inc. of Naples, Fla. (NICHROME® is an alloy comprising 
nickel and chromium). Point heating means preferably com 
prise an electrical poWer source such as a battery to poWer 
the small heating element or ?lament. In one embodiment of 
the invention, point heating is carried out by applying a 
current to a small amount (e.g., droplet) of the composition 
described above. The droplet may be supplied to the element 
or ?lament as it exits the cartridge, or alternatively, the 
element or ?lament can be part of the cartridge. In an 
alternative embodiment of the invention, the composition is 
a solid and the element or ?lament is contained therein as 
part of the cartridge. 

Bulk Heating Means 

Bulk heating means can also be used to volatiliZe the 
composition. The temperature to Which the composition is 
heated depends on the vapor pressure of the composition 
selected and the ef?cacy of the composition (i.e., the amount 
of composition required to effectively repel insects). HoW 
ever, in a preferred embodiment of the invention, particu 
larly Wherein the device is Wearable, the temperature does 
not exceed about 65° C., preferably about 45° C., more 
preferably about 400 C., still more preferably about 350 C., 
and most preferably about 30° C. to minimiZe burn haZard 
potential. The device may be insulated to protect the Wearer 
from the beating means, particularly When the temperature 
is above about 450 C. 

Various bulk heating means may be used to heat the 
cartridge, thereby volatiliZing the insect repellent. For 
example, electric heat from a battery or other electrical 
poWer source may be used to heat the cartridge. In some 
environments, solar energy may be suf?cient to volatiliZe the 
repellent, or solar energy in conjunction With a fresnel lens 
or solar cell. In an alternative embodiment of the invention, 
the heating means may be chemical or mechanical. 

For example, chemical heating means include chemicals 
creating an exothermic reaction. Suitable chemicals for 
creating an exothermic reaction include chemicals compris 
ing iron poWder, carbon particles, and a metal salt such as 
alkali metal or alkaline earth salts, and Water. Suitable 
chemicals are disclosed in US. Pat. Nos. 5,918,590; 4,264, 
362; and 3,475,239. 

Other suitable chemical heating means include exother 
mic heater devices such as those disclosed in US. Pat. No. 
5,443,056. Such devices are commercially available from 
Zestotherrn, Inc. of Cincinnati, Ohio. These exothermic 
heater devices comprise a mixture of magnesium-iron alloy 
and salt con?ned Within a nonWoven cellulose covering and 
forming an elongated cartridge Which is Wrapped With 
multiple layers of absorbent paper. The elongated cartridge 
and paper are enclosed Within a pouch of perforated plastic 
?lm to form a heating element. One or more heating 
elements are attached by adhesive tape to the inside of a 
generally triangular polyethylene ?lm envelope, and periph 
eral portions of the envelope are heat sealed to form an 
enclosed chamber. An overlying mating sheet of polyethyl 
ene coated nylon ?lm and a pad of thermoplastic foam 
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material are heat sealed to peripheral portions of the enve 
lope, and parallel strips of double-sided adhesive tape, With 
removal protective strips, are attached to the outer surface of 
the envelope to form a ?exible heater device. The device can 
be used by being Wrapped around the cartridge of this 
invention. An upper sealed comer portion of the envelope is 
cut and removed to form an opening for the chamber, and 
Water is poured through the opening into the chamber to 
initiate an exothermic reaction With each heating element. 

In a preferred embodiment of the invention, the chemical 
heating means comprise THERMACARE® available from 
the Procter & Gamble Company of Cincinnati, Ohio. THER 
MACARE® is particularly useful in disposable devices. 
The heating means are capable of maintaining the desired 

temperature over a reasonable usage period for the device. 
Combinations of electrical, solar, chemical, and mechanical 
poWer sources may be used for said heating means. 

In a preferred embodiment of the invention, the device 
comprises bulk heating means for volatiliZing the composi 
tion and bloWing means for dispersing the volatiliZed com 
position. Preferably, the bulk heating means and bloWing 
means are poWered by separate poWer sources. In a particu 
larly preferred embodiment, the bulk heating means are 
poWered by a chemical poWer source and the bloWing means 
are poWered by an electrical poWer source. 

BloWing Means 

The bloWing means can be any suitable means that create 
an air current suf?cient to disperse the insect repellent in the 
area around the subject. In one embodiment of the invention, 
the bloWing means are positioned in the device such that 
they direct the air current to impinge on the cartridge, for 
example, past one or more surfaces of the cartridge or 
through the cartridge, e.g., When the cartridge has a holloW 
shape such as a tubular or honeycomb shape. In an altema 
tive embodiment of the invention, the bloWing means are 
positioned in the device such that they direct an air current 
near, but not necessarily impinging on, the cartridge. The 
bloWing means can be, for example, a fan. The fan can be 
mounted in a housing and driven by a motor. The fan can be 
one-, tWo-, or multi-directional. Suitable fans are knoWn in 
the art and are commercially available. For example, 5 V DC 
fans are available from Cofan USA of Fremont, Calif. Other 
suitable fans are available from Mechatronics, Inc. of Pre 
ston, Wash., as the F 4010 series. 

In a preferred embodiment of the invention, the fan 
mimics the shape of the desired dispersion pattern. For 
example, in a preferred embodiment of the invention, the 
personal protection device is Wearable. When the device is 
Wearable, e.g., on a belt, a dispersion pattern having the 
shape of an elongated ellipse can be employed to disperse 
suf?cient repellent upWard (around the torso and head of a 
human subject) and doWnWard (around the legs and feet of 
the human subject). 
The bloWing means can be poWered by, for example, an 

electrical poWer source such as a battery, a solar poWer 
source such as a solar cell, a mechanical poWer source such 
as a Wind-up generator, or combinations thereof. 

In one embodiment of this invention, said dispersion 
means comprise bloWing means and bulk heating means. In 
this embodiment, said bloWing means communicate With the 
cartridge such that an air current produced by said bloWing 
means causes egress of the composition from the cartridge. 
The air current carries the composition out of the device and 
into the immediate vicinity of a subject using the device. The 
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blowing means can be mounted to the device such that an air 
current produced by said blowing means impinges on a 
surface of the cartridge. 

In this embodiment of the invention, said bulk heating 
means are mounted to the device such that at least one 
surface of the cartridge is heated. Typically, a surface of the 
cartridge contacts said bulk heating means. The surface that 
contacts the bulk heating means and the surface on Which the 
air current can impinge can be different, for example, When 
the bulk heating means comprise a plate such as a metal 
plate. Alternatively, the surface that contacts the bulk heat 
ing means and the surface on Which the air current can 
impinge can be the same, for example, When the bulk 
heating means comprise a screen or mesh. Said bulk heating 
means are capable of heating the cartridge to a temperature 
of about 30° C. to about 65° C., preferably about 35° C. to 
about 45° C., most preferably about 400 C. to about 450 C. 
Said bulk heating means are capable of maintaining the 
temperature over a reasonable usage period for the device. 
For example, in this embodiment, the cartridge may have a 
?rst surface and a second surface; and said dispersion means 
comprise: (a) bulk heating means for heating the composi 
tion to a temperature of less than or equal to about 650 C., 
Wherein said bulk heating means contact the ?rst surface of 
the cartridge, and (b) bloWing means for creating an air 
current, Wherein said bloWing means are mounted to the 
device such that the air current impinges on the second 
surface of the cartridge. 

In a preferred embodiment of the invention, the dispersion 
means comprise bloWing means and heating means, Wherein 
the bloWing means are positioned in the device such that the 
air current is directed near (not impinging on) the cartridge 
to conserve energy required to poWer the bloWing means and 
heating means. For example, if an air current is directed to 
impinge on the cartridge such that the air current also 
impinges on the heating means, heat Will be dissipated more 
quickly than if the air current did not impinge on the heating 
means. If the heating means are positioned near one surface 
(e.g., bottom) of the cartridge, and the air current is directed 
to pass above another surface (e.g., top) of the cartridge, the 
air current can disperse the repellent volatiliZing out of the 
cartridge With minimal heat loss. This conserves poWer, 
Which is particularly desirable When the poWer source for 
the bloWing means, heating means, or both, is, for example, 
a battery With a limited life. In this embodiment, the heating 
means can be point heating means or bulk heating means. 

In an alternative embodiment of the invention, the car 
tridge comprises a composition, a carrier, and a heater 
circuit, and the dispersion means comprise bloWing means. 
Preferably, the dispersion means further comprise a poWer 
source for the heater circuit. (Alternatively, the cartridge 
may further comprise the poWer source for the heater 
circuit.) Typically, the heater circuit comprises an electrical 
circuit lithographically printed onto a substrate from an ink 
comprising electrically conductive particles suspended in a 
resin. Suitable heater circuits are disclosed in PCT Publica 
tion Number WO 97/48257. 

Other Dispersion Means 

In an alternative embodiment of the invention the disper 
sion means comprise an electrospray, Which uses an elec 
trical charge to disperse the repellent instead of bloWing 
means and heating means. Alternatively, the dispersion 
means comprise an atomiZer such as a pieZoelectric atomiZer 
available from Micro?oW Engineering of SWeden. An 
example of a pieZoelectric atomiZer operates on pieZoelec 
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14 
tric oscillation to produce insect repellent particles of about 
5 micron diameter and deliver them about 5*6 inches. The 
pieZoelectric atomiZer runs on 2 AA batteries through sev 
eral thousand cycles. The pieZoelectric atomiZer is about the 
siZe of a postage stamp (not including the batteries) and 
could be entirely disposable. 

Attachment Means 

In a preferred embodiment of the invention, the devices of 
this invention are Wearable, i.e., attached directly or indi 
rectly to a subject. Wearable devices comprise attachment 
means for attaching the device to the subject. 
The attachment means comprise one or more elements 

including clips such as belt clips, pins, adhesives, hook and 
loop fasteners such as VELCRO® available from Velcro 
Industries B.V. of the Netherlands, magnets, ties, necklaces, 
straps, or bands such as Wrist bands (Watch bands) and ankle 
bands that can be elastic or nonelastic and can have, for 
example, buckles or other fasteners. 
The Wearable devices may be attached directly to the 

subject e.g., by a Wrist or ankle band or to clothing or 
accessories Worn by the subject (e.g., accessories such as a 
person’s belt, backpack, or purse; a pet’s collar or harness; 
and others). Alternatively, the devices may be attached 
indirectly to a subject by attaching the device to something 
near the subject, such as furniture on Which the subject is 
sitting, a baby stroller Which a subject is pushing or in Which 
a subject is sitting, or a tool used by the subject, such as a 
garden tool (e.g., a hoe, shovel, or chain saW). 
The attachment means described above are exemplary, 

not limiting. Other suitable attachment means may be used 
in addition to, or instead of, the attachment means described 
above. One skilled in the art Would be able to select 
appropriate attachment means, and modes for attaching a 
device to a subject, Without undue experimentation. 
One embodiment of this invention is a Wearable device 

for livestock and pets. In this embodiment, the insect repel 
lent is preferably empenthrin, and the heating means are 
preferably solar (e.g., With a fresnel lens). 

In a preferred embodiment of this invention, the device is 
lightWeight and convenient. Light Weights are particularly 
preferred for Wearable devices. Preferably, the device 
Weighs less than about 350 g. More preferably, the device 
Weighs about 225 g or less. More preferably, the device 
Weighs about 210 g or less. Still more preferably, the device 
Weighs about 150 g or less. Most preferably, the device 
Weighs about 100 g or less. 

Optional Elements 

The devices of this invention may further comprise one or 
more optional elements in addition to the elements described 
above. The optional elements include the folloWing. 

Element (i) is a sWitch connected to said dispersion 
means. The sWitch can be manual so that a subject can turn 
said dispersion means on to activate the device When desired 
and off to deactivate the device When protection from insect 
bites and insect landings is no longer required. 

Element (ii) is a timer. The timer is connected to the 
dispersion means to automatically turn the dispersion means 
on and off at user-de?ned or preprogrammed intervals. 

Element (iii) is a thermocouple or thermometer connected 
to said heating means or the cartridge for measuring the 
temperature to Which the insect repellent is exposed. 

Element (iv) is a temperature controller such as a ther 
mostat that can be connected to element (iii). The tempera 
















